ABSTRACT. Many studies have recently shown that simple computer-solved indices, based on fasting glucose and insulin levels, closely mirror the euglycemic clamp technique in studying insulin resistance or pancreatic insulin secretion. Few data are at present available on the evaluation of these novel indices in acromegalic patients, known to be GH-dependent insulin-resistant subjects, in particular during medical treatment with somatostatin analogues. Indeed, these drugs are able to inhibit not only GH and IGF-I levels, but also insulin and glucagon pancreatic secretion, with contrasting effects on glucose metabolism. In this study, insulin resistance was evaluated by the homeostasis model assessment (HOMA-IR) and insulin sensitivity by quantitative insulin check index (QUICKI) in 27 normoglycemic acromegalic patients, before and after 6-month therapy with somatostatin analogues (lanreotide-SR 30-60 mg every 7-28 days in 15 and octreotide-LAR 20-30 mg every 28 days in 12). Thirty-five age-and sexmatched healthy subjects and 17 surgically treated acromegalic patients (5 cured and 12 not cured) were studied as control groups. Before medical treatment, HOMA-IR was higher in acromegalic patients than in healthy controls (4±3 vs 1.7±0.7, p<0.05), while QUICKI was lower (0.33±0.04 vs 0.36±0.03, p<0.05). During medical therapy, HOMA-IR decreased to 2.4±1.6 (p<0.05) and became similar to that recorded in both healthy subjects and surgically treated patients. However, fasting glucose was increased and fasting insulin was decreased. QUICKI did not significantly change from basal values. No differences were observed between patients who normalized or not hormonal levels. The effects of the 2 drugs, though higher glucose levels were seen in patients treated with octreotide-LAR. In conclusion, this study demonstrates that medical treatment is able to improve insulin resistance, even if only successful surgery is able to completely normalize both HOMA-IR and QUICKI. 
INTRODUCTION
It is known that about 50% of acromegalic patients are affected by impaired glucose tolerance (IGT) and that 10-25% have overt Type 2 diabetes mellitus (1). Elevated insulin levels and reduced insulin sensitivity (2, 3) are often present also in normoglycemic patients. Insulin resistance, probably the most important GH-dependent diabetogenic effect, is known to be an important cardiovascular risk factor and could play a role in the increased morbidity and mortality of acromegalic patients.
As a possible patho-physiological mechanism, either a receptor (4) or post-receptor defect (5), responsible for an alteration in non-oxidative glucose metabolism (6), may be involved. These defects cause a reduced suppression of hepatic glucose production and an impaired peripheral glucose uptake (4) . An additional mechanism involved in the hepatic and peripheral reduced insulin sensitivity is the GH-dependent excess of circulating free fatty acid levels (7) . Recently, a large number of simple computer-solved indices, based on fasting plasma glucose and insulin concentrations, in particular the homeostasis model assessment (HOMA) (8) (9) (10) and the quantitative insulin check index (QUICKI) (11) , have been proposed to estimate or predict the degree of insulin resistance (IR) or the β cell function in vivo. Many Authors demonstrated a good correlation between the values of HOMA-IR and QUICKI (12) (13) (14) and those obtained by the "gold standard" of insulin sensitivity, i.e. hyperinsulinemic euglycemic glucose clamp (15) . Therefore, these novel indices have been employed in order to evaluate glucose tolerance status in the general population (16) , as well as in typically insulinresistant subjects, such as those with Type 2 diabetes (17, 18) , obesity (19) , blood hypertension (20) and polycystic ovarian syndrome (21) . Moreover, it has also been demonstrated that HOMA-IR may be used as an independent predictor of cardiovascular disease in Type 2 diabetes (22, 23) . Finally, recent studies showed that QUICKI better correlates with the euglycemic clamp than both HOMA-IR and minimal model analysis of a frequently sampled iv glucose tolerance test, and it seems also the preferable method to be employed in large-scale and epidemiological studies (24) . Insulin sensitivity and β cell function were investigated by HOMA in normoand hyperglycemic acromegalic patients, before and after successful surgical treatment (25) , but data on the use of HOMA-IR and/or QUICKI to monitor the effects on glucose metabolism of the 2 depot somatostatin analogues, i.e. lanreotide slow release (lan-SR) or octreotide long-acting release (oct-LAR), are still lacking. Both formulations are able to inhibit in a similar manner pancreatic insulin and glucagon secretion, as well as GH secretion, in acromegalic patients (26) (27) (28) (29) . These metabolic effects are responsible for complex results on overall glycemic control, mainly depending on the balance between the improvement of GH-dependent insulin resistance and the suppression of insulin and glucagon secretion. The aim of this study was to evaluate carbohydrate metabolism and insulin sensitivity in acromegalic patients by using HOMA-IR and QUICKI, as well as to investigate the effects of medical therapy with 2 different somatostatin analogues on these parameters and to compare them with the results obtained in healthy subjects and surgically treated acromegalics.
PATIENTS AND METHODS

Patients and treatment protocol
A group of 27 acromegalic patients with active disease (16 F and 11 M, age: 43±12 yr, range: 22-66; pre-medical treatment GH: 9.5±8.5 µg/l, range: 2.5-25.5; IGF-I: 90±36 nmol/l, range: 38-190) was studied. Mean duration of the disease before diagnosis was 6±4 yr (range: 2-15 yr). Twenty-four of these patients previously underwent unsuccessful surgical treatment and 13 underwent radiotherapy (7 patients by conventional therapy and 6 by gamma-knife). Two of the 27 patients had impaired glucose tolerance (IGT) before the beginning of the study, while none had Type 2 diabetes mellitus; 8 patients had hypertension.
Serum GH and IGF-I levels, fasting glucose and insulin levels, HOMA-IR and insulin sensitivity by QUICKI, were evaluated before and after a period of 6 months of medical treatment with long-acting somatostatin analogues. In particular, 15 of the 27 patients (10 F and 5 M) were treated with lan-SR at the variable dose of 30 mg im every 7-14 days or 60 mg im every 21-28 days and 12 patients (6 F and 6 M) with oct-LAR at the dose of 20-30 mg im every 28 days. Moreover, in a subgroup of 12 acromegalic patients (8 F and 4 M, 5 treated with lan-SR and 7 with oct-LAR) all the results were evaluated also after a mean period of 24-month therapy. Thirty-five sex-and age-matched healthy subjects and 17 normo-glycaemic acromegalic patients (12 F and 5 M; age: 39±10 yr), evaluated after transsphenoidal surgery (5 cured and 12 not cured), were studied as control groups. Criteria for cure of acromegaly were normalization of IGF-I levels, adjusted for sex and age, and GH levels below 2.5 µg/l. The Local Ethics Committee had approved the protocol study and all the patients gave their informed written consent to participate in this study.
Hormone assays
Serum GH levels were measured by an immunofluorimetric assay method (AutoDelfia kit) supplied by, Wallac OY, Turku, Finland. The sensitivity is 0.01 µg/l, the intra-and inter-assay coefficients of variation are 2 and 1.7%, respectively. Serum IGF-I was measured by a radioimmunoassay with a commercial kit supplied by Mediagnost, Tübingen, Germany, able to measure total IGF-I by separating IGF-I from IGFBP by acidification in IGF-II excess. IGF-II cross-reactivity is less than 0.05%; the intra-and interassay coefficients of variation are 3.2 and 7.4%, respectively. The normal values range from 15 to 44 nmol/l at the age of 20-30 yr, 14 to 42 nmol/l at 30-40 yr, 13 to 40 nmol/l at 40-50 yr, 12.6 to 38.2 nmol/l at 50-60 yr and 12 to 37 nmol/l at 60-70 yr. Plasma glucose was measured with standard methods (enzymatic method, intra-and interassay coefficients of variation are 2.1 and 2.6%, respectively). Serum insulin concentrations were assessed by an immuno-enzymatic one-step assay (Medgenics Diagnostics, Belgium); its sensitivity is 0.15 mU/l; intra-and inter-assay coefficients of variation are 4 and 7.5%, respectively. Insulin resistance was determined using HOMA-IR and QUICKI methods. The former is a computer-solved model based on fasting serum insulin (FI) and plasma glucose concentrations (FG): HOMA-IR=FI (mU/l) x FG (mmol/l)/22.5 (8) . The QUICKI is a novel index used for the evaluation of insulin sensitivity, derived from fasting data with var-
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ious transformations and ultimately defined in the following formula: QUICKI=1/[log FG (mg/dl)+log FI (mU/l)] (11).
Statistical analyses
All results were expressed as the mean±SD. The comparisons between the results obtained before and after medical therapy in the same group of patients were performed using paired Student's t test. The comparisons between acromegalic patients and normal subjects were performed using nonparametric test. Correlation between different parameters was evaluated by linear regression analysis. Chi-square test was used to compare percentage of patients with values out of normal range before and after therapy. Values of p<0.05 were considered statistically significant.
RESULTS
Before starting medical therapy, acromegalic patients had mean fasting insulin levels higher than healthy subjects (p<0.05), with values above 14.3 mU/l (mean+2 SD of healthy subjects) in 15 of 27 patients. They also had HOMA-IR higher than controls (4±3 vs 1.7±0.7, p<0.05), with values above 3.1 (mean+2 SD of healthy subjects) in 14 patients. They had QUICKI lower than healthy subjects (0.33±0.04 vs 0.36±0.03, p<0.05), with values lower than 0.30 (mean-2 SD of healthy subjects) in 9 patients. No correlation was found between basal HOMA-IR or QUICKI and serum GH levels, IGF-I levels or duration of disease. After 6 months of medical therapy, GH levels significantly decreased, reaching values below 2.5 µg/l in 13 of 27 patients, while IGF-I levels normalized in 10 patients (Table 1) . Fasting glucose levels significantly increased compared to baseline, while fasting insulin levels significantly decreased, remaining higher than 14.3 mU/l only in 6 patients (p<0.05 vs basal by χ-square test) and becoming similar to those of healthy subjects and surgically treated patients. As a consequence of these modifications in glucose and insulin levels, an overall decrease of HOMA-IR values (to 2.4±1.6, p<0.05 vs basal), which became similar to those of other control groups, was observed (Fig. 1) . QUICKI values were stable during medical treatment and still lower than healthy controls, but similar to surgically treated patients (Fig. 1) . HOMA-IR were normal in 20 and QUICKI in 24 of 27 patients during medical therapy (both p<0.05 vs basal by χ-square test), while the 2 indices normalized in 6 of the 12 surgically not cured patients and in all the 5 surgically cured patients (p<0.05 vs basal by χ-square test). Both medically treated patients with previous IGT had a further worsening in glucose tolerance, becoming diabetic. Carbohydrate metabolism was more affected in the patients treated with oct-LAR as compared to those treated with lan-SR. In fact, a significant increase in fasting glucose levels (mean increase of 17±16%, p<0.05 vs basal) and a significant decrease in insulin levels (mean reduction from basal of 41.6±54%, p<0.05) was observed only with oct-LAR ( Table 2) . QUICKI changed only in patients treated with oct- LAR (p<0.05 vs basal), whereas HOMA-IR similarly decreased in both subgroups (both p=NS vs basal). No differences between patients who normalized (5/15 with lan-SR and 5/12 with oct-LAR) and patients that did not normalize IGF-I levels were shown. In 12 of the 27 patients who were evaluated after 24-month medical therapy, fasting glucose levels slightly increased from 4.9±1.0 to 5.2±0.9 after 6 months (p=NS) and then to 5.8±1.1 mmol/l after 24 months of treatment (p<0.005 vs basal), while fasting insulin decreased from 17.3±12 to 12.5±5 (p=NS) and then to 6±4 mU/l (p<0.01 vs basal and 6 months), respectively. HOMA-IR and QUICKI significantly changed only after 24 months (both p<0.05 vs basal and 6 months) (Fig. 2) . The number of patients that had HOMA-IR values above 3.1 decreased from 7 to 1 after 24 months (p<0.05 vs basal and 6 months), while the number of patients with QUICKI values lower than 0.30 decreased from 3 to 0 (p<0.05 vs basal and 6 months).
HOMA-IR
DISCUSSION
The present study confirms that most of acromegalic patients are insulin-resistant, with higher HOMA-IR and lower QUICKI values in respect to those of healthy subjects (2) (3) (4) (5) 25) . The degree of insulin resistance is independent from the glucose tolerance status (2, 25) and from circulating levels of GH or IGF-I (30) . Moreover, these results suggest that HOMA-IR and QUICKI analysis are useful simple methods to study insulin sensitivity in acromegalic patients, in agreement with previous studies in different populations of insulin-resistant patients (11, (17) (18) (19) (20) (21) . Most interestingly, 6-month treatment with lan-SR or oct-LAR causes clear improvement of insulin resistance, as demonstrated by a significant decrease of HOMA-IR, associated with an increase of fasting glucose and a deep decrease of fasting insulin levels, as expected by the inhibition of insulin secretion secondary to somatostatin analogue administration. On the contrary, no significant change of QUICKI values was found. It is worth noting that 2 patients presented after 6-month therapy a worsening in glucose tolerance, becoming diabetics. These results are the balance between the somatostatin analogues inhibitory effects on pancreatic secretion of insulin and glucagon and the improvement of insulin resistance due to likely predominant GH decrease. No differences were noted either between the effects of different doses of the 2 drugs or between those patients who normalized GH levels and those who did not. These data confirm previous findings, obtained by euglycemic clamp, on the evaluation of insulin sensitivity improvement during sc daily administration of octreotide (27) . Despite the decrease of insulin resistance found in most patients treated with analogues, a complete normalization of both HOMA-IR and QUICKI was observed only in patients successfully treated by pituitary surgery, as previously described (25) . Long-term treatment (24 months) seems to amplify the inhibition of pancreatic insulin secretion, so that also QUICKI values, besides insulin and HOMA-IR, significantly improved, despite a progressive increase in fasting glucose levels. These results indicate that long-acting somatostatin analogues have a continuous and progressive inhibitory action on pancreatic insulin secretion. These findings are in partial contrast to previous observations suggesting a diminished insulin inhibition with Tachiphilaxis (31). However they are concordant with more recent studies showing prolonged inhibitory effects on insulin secretion of long-term treatment with both octreotide (28) and lan-SR (26) . Moreover, these properties may have opposite effects on final glucose homeostasis of medically treated acromegalic patients. Oct-LAR therapy was more powerful in decreasing IGF-I levels as well as in inhibiting insulin secretion, in respect to lan-SR, thus resulting in a higher impairment of glucose metabolism. These findings confirm previous data on comparison between the effects of lan-SR and oct-LAR (32) and suggest the importance of the evaluation of glucose metabolism before choosing the best first medical treatment approach and during the follow-up.
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In conclusion, acromegalic patients have a high degree of insulin resistance that progressively improves during long-term therapy with different somatostatin analogues. These variations may be adequately monitored by using HOMA-IR and especially QUICKI.
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